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Abstract 

 

SANSMIC is solution mining software that was developed by SNL and is utilized in 

in Sandia’s role as geotechnical advisor to the US DOE SPR for salt cavern 

development and maintenance.  Four SANSMIC leach modes – withdrawal, direct, 

reverse and leach-fill – can be modeled. This report updates and expands the original 

1983 documentation. It provides execution instructions, input data descriptions, input 

file format, output file descriptions and an example problem. 
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Abbreviations and Nomenclature 

BBL – Barrel (volume unit) 

BPD – Barrels per day 

MB – Thousand barrels 

MBD – Thousand barrels per day 

MMB –  Million barrels 

OBI –  Oil-brine interface (depth) 

RW –  Raw water (unsaturated brine) 

SG –  Specific gravity 

SPR – Strategic Petroleum Reserve 

Bottom-Inject 
– Leach mode where raw water is injected thru lower of two 

strings. Traditionally called direct leach. 

Top-Inject 

– Leach mode where raw water is injected thru higher of two 

strings. Used primarily for roof development. Traditionally 

called reverse leach. 
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1 Executive Summary 

As part of an ongoing effort of the Sandia National Laboratories (SNL) Strategic Petroleum 

Reserve (SPR) project to baseline software critical to its mission, this report documents a new 

user manual for the Sandia developed solution mining code, SANSMIC. This document is one in 

a series that provides a Quality Assurance (QA) based pedigree for the software.  

This report updates and expands the original 1983 documentation. It provides execution 

instructions, input data descriptions, input file format, output file descriptions and an example 

problem. 

There are four basic types of leaching utilized at the SPR - all four can be modeled by 

SANSMIC:  

 A withdrawal leach requires only one hanging brine string through which raw water is 

injected into the cavern thereby displacing and lifting the oil out of the cavern through the 

slick well or annulus for single well caverns.   

 A bottom-inject leach, also known as direct-leach, requires two hanging brine strings, 

where the unsaturated brine injection string is positioned below the brine production 

string. 

 A top-inject leach, also known as reverse-leach, requires two hanging brine strings.  Here 

the strings are opposite that of bottom-inject, in that the production string is deeper than 

the injection string.   

 Oil can be simultaneously injected during either bottom or top injection. This latter 

process is called leach-fill. 

Another common term in use at the SPR is remedial leach which refers to intentional and 

designed cavern leaching used to expand the available storage volume of a cavern. It is used to 

counter the volume loss due to creep closure, provide working volume for small cavern-to-

cavern transfers that are required during cavern workovers, and to increase the storage capacity 

of the SPR. 

Execution of SANSMIC is through a simple command prompt, menu-driven, user interface 

coupled with a single, user-generated input file. The menu is used to specify the name of the 

input file, run SANSMIC, or exit the code. The bulk of this document describes the user inputs 

and format. SANSMIC generates six output files that sort output data by usage and are 

distinguished by unique filename extensions, as follows: 

 A runtime log for input and error processing (.log) 

A one line per day history containing primary results and important variables (.tst) 

 Snapshots of results and many intermediate variables over the entire computational grid 

at specified times (.out) 

 A tabular file containing cavern profiles at specified times (.rad) 
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 A tabular file containing change-in-radius profiles at the same specified times (.dra) 

 A tabular file containing the initial cavern profile and change-in-radius profiles at the end 

of each leach stage. This file was originally intended for transferring drawdown leach 

data to the P2D, (pillar-to-diameter) cavern stability software (.ddl) 

Each output file is described in detail in the report. 
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2 Introduction 

As part of an ongoing effort of the Sandia National Laboratories (SNL) Strategic Petroleum 

Reserve (SPR) project to baseline software critical to its mission, this report documents a new 

user manual for the Sandia developed solution mining code, SANSMIC. This document is one in 

a series that provides a Quality Assurance (QA) based pedigree for the software. The document 

set currently consists of the original theory (Russo 1981); original User Manual (Russo 1983); 

original verification documentation (Reda and Russo 1983; Eyermann 1984; Reda and Russo 

1984); a new design document (Weber and Rudeen 2015) and recently released leach reports  

(Lord, Roberts et al. 2012; Rudeen, Weber et al. 2013; Weber, Gutierrez et al. 2013).  

This report updates and expands the original 1983 documentation. It provides execution 

instructions, input data descriptions, input file format and output file descriptions. 

2.1 Background 

The United States Strategic Petroleum Reserve (SPR) consists of an underground storage system 

which uses caverns leached (solution mined) in four salt domes (Big Hill, Bryan Mound, Bayou 

Choctaw and West Hackberry) located near the Gulf of Mexico in Texas and Louisiana. The 

SPR comprises 60 active caverns containing approximately 700 million barrels (MMB) of crude 

oil.   

Sandia National Laboratories is the geotechnical advisor to the US Strategic Petroleum Reserve. 

2.1.1 Types of Leaching 

There are four basic types of leaching utilized at the SPR: withdrawal, top-inject, bottom-inject 

and leach-fill.  A withdrawal leach (Figure 2-1c) requires only one brine string, presumably 

deeper than the oil-brine interface (OBI), through which raw water is injected thereby displacing 

and lifting the oil out of the cavern through the slick well.  The OBI is moved upward within the 

cavern and leaching occurs below this depth.  The typical leach pattern for a withdrawal leach is 

such that the majority of the leaching occurs at the injection depth tapering to near zero at the 

final OBI depth.  This pattern can be interrupted or changed due to strategic string cuts or 

inadvertent string breaks. 

A bottom-inject leach (Figure 2-1a), also known as direct-leach, requires two hanging brine 

strings both of which are positioned below the OBI. The injection string is positioned below the 

production string which results in the majority of the leaching occurring near the injection string 

depth tapering up to the production string with less leaching occurring between the production 

string and the OBI.  The extent of the tapering is dependent upon the distance between the 

injection and production depths, as well as the relative location of the OBI.  The OBI may be 

stationary or moving within the cavern due to concurrent oil injection.   Bottom-inject leaching 

was used for sump and chimney development in the earliest stages of cavern development at the 

SPR. 
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A top-inject leach (Figure 2-1b) requires two hanging brine strings, both below the OBI, and was 

previously known as reverse-leach.  Here the strings are opposite that of bottom-inject, in that 

the brine production string is deeper than the brine injection string.  The primary leaching occurs 

near the injection depth up to the OBI, with leaching tapering down between the injection and 

production depths.  The amount of leaching in a given region is dependent upon the distance 

between the injection depth and OBI as well as the relative location of the production string.  

Three top-inject configurations were used for cavern development by the SPR:  the first-reverse 

used a high injection point for roof development; the second-reverse, with the injection at mid-

depth, was used for mid to upper cavern development; and third-reverse with injection near the 

bottom of the cavern for bottom to middle volume development.  

Bottom-inject and top-inject is the terminology currently used by the SPR in place of the more 

traditional direct and reverse leach terminology used by industry because they are more 

descriptive. Both sets are used interchangeably in the remainder of this report with the historical 

terminology used when referencing and comparing with historical data. 

Oil can be simultaneously injected during either bottom or top injection. This latter process is 

called leach-fill and was used extensively during the SPR cavern development. 

Another common term in use at the SPR is remedial leach which refers to intentional and 

designed cavern leaching used to expand the available storage volume of a cavern. It is used to 

counter volume loss due to creep closure, provide working volume for small cavern-to-cavern 

transfers that are required during cavern workovers, and to increase the storage capacity of the 

SPR. 
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 (a) Bottom-Inject  (b) Top-Inject 

 

(c) Withdrawal  

Figure 2-1.  Schematics of Basic Leach Scenarios.  

In the current version of SANSMIC the plume model is replaced with 

a mixing-cell between the injection level and plume stagnation level. 

2.1.2 SANSMIC History 

SANSMIC was developed at Sandia in the early 1980’s by A. J. Russo in order to accommodate 

the pressing directive to create additional petroleum storage caverns quickly.  Previously, the 
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SMRI code SALT77 was used, but the speed at which the caverns were to be filled resulted in a 

leach-fill scenario with a transient OBI, a capability not available in SALT77.  The moving OBI 

was also required in the modeling of withdrawal leach.  Several documents including a 

theoretical report (Russo 1981) and User’s Manual (Russo 1983) and two experimental studies 

present verification and validation of SANSMIC (Reda and Russo 1983; Reda and Russo 1984).  

Russo (1983) provides comparisons to early cavern development data for both bottom and top 

leach (sump-chimney and roof development, respectively). The Reda and Russo reports present 

comparisons of SANSMIC simulations with laboratory-scale experimental results. However, 

calculations using the current version of the code were not able to reproduce the earlier 

SANSMIC results (Rudeen, Lord et al. 2011).  It is therefore possible that the current version of 

the code has gone through undocumented revisions, or modeling was performed at the cavern-

scale and results were scaled-down to the laboratory-scale. A repeat of some of the validation 

work presented in the SANSMIC User’s Manual (Russo 1983) is documented in the Validation 

document (Weber and Rudeen 2014). The updated User’s Manual provided by this report 

completes the series of QA documents for the SANSMIC software. 

2.1.3 SANSMIC Application in the SPR 

SANSMIC has a broad range of utility at SPR including: remedial leach planning, available 

drawdown estimation using pillar-to-diameter ratio, and cavern selection for crude oil delivery. It 

was recently used in an investigation into the feasibility of leaching BM5 and WH9 to more 

stable configurations. It was also used in selecting and planning remedial leaching activities for 

the purpose of expanding the reserve’s storage capacity and ullage.  SANSMIC was used to 

identify available leaching zones and to estimate storage volumes that could be created which 

have minimal effect on cavern stability and available drawdowns. 

SPR caverns were designed for five drawdown cycles, presumably over a 20 year period.  Over 

the reserve’s lifetime, no full drawdown order has ever been given.  Thus, only partial 

withdrawals, like that of the 2011 30 MMB sale, and other comparably sized raw-water 

movements have occurred.  The analysis of these movements has shed light on the potentially 

deleterious effect of small-volume raw-water movements near the bottom of caverns, which 

reduced pillar-to-diameter ratios and resulted in the loss of future drawdowns.  Recently, 

SANSMIC was used to predict the future cavern geometry assuming multiple full-cavern 

drawdowns in order to calculate the projected P/D ratios and resulting number-of-available 

drawdowns until limiting P/D criteria are violated. 

BM5 and WH9 are phase I caverns that were acquired by the SPR and are oddly shaped.  It is 

thought that with prescribed leaching the accessible reserve volume would increase and 

geomechanical stability might be improved.  The investigation is still in the earliest stages and 

the research and cost/benefit analyses are not complete at this time.  If feasibility is shown, 

SANSMIC would be used in developing leaching plans.  It is of note that SPR phase I caverns 

generally fall outside of the normal geometry for which SANSMIC was written.  Such geometry 
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is untested and results are not verified. The implication is that any leach plan for developing odd-

shaped phase I caverns must be monitored closely. 

3 User Interface 

The SANSMIC user interface is minimal as the software is primarily input file driven (circa 

1983).  A brief discussion of the user interface is provided in this section which is followed by 

sections detailing the format and settings of the input file and descriptions of the contents of the 

multiple output files.  Upon starting the executable, a command prompt window opens on the 

screen, as pictured in Figure 3-1, requiring the user to type the root name of the input file which 

is created manually by the user using a text editor and saved with a .dat extension.  The .dat 

extension is mandatory, but the extension is not to be included in the name given to SANSMIC. 

The input file must reside in the same directory as the executable. Input file specification is case 

insensitive. However, output files will use the input filename as root with the exact case as 

specified by the user.  For example, if the input file in the current working directory (cwd) is 

“mySANSMIC.dat” and the user specifies the file as “MySansmic”, the file mySANSMIC.dat 

will be used but the output files will be MySansmic.rad, MySansmic.dra, etc.  It is 

recommended, that users not have multiple input files that differ only by letter case. 

 

Figure 3-1.  Executable Start-Up Screen with Request for the Input File. 

If the specified input file cannot be found due to incorrect directory specification or misspelling, 

SANSMIC displays: “File not found. Hit Enter”. The user can then hit Enter and input the 

corrected file name.  It should be noted the filename is limited to 16 characters excluding the 

extension.  If the file name is longer than 16 characters, the same “File not Found” error will be 

shown. 
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Once the input file is selected, the Main Menu of SANSMIC is displayed as shown in Figure 3-2.  

There are currently only three working options available and in each case the user simply types 

the integer of the option and then presses “Enter”.  The first option is “New File”.  Here the user 

can see the currently specified input file, but if a different input file is desired, the user may 

choose option 1 and will be returned to the previous screen in which a new input file will be 

requested (see Figure 3-1).  Option 2, “Edit File”, a primitive input file editing option is, no 

longer supported or available because better capabilities are provided by the Windows 

environment.  Option 3, “Run SANSMIC”, will run SANSMIC on the currently selected input 

file.  Option 4 allows the user to exit SANSMIC completely. 

 

Figure 3-2.  SANSMIC Main Menu with User Options. 

If the user has selected option 3, “Run SANSMIC”, the screen will resemble Figure 3-3 as the 

executable runs.  The first column denotes the stage of the input file that is currently being run.  

The second column gives the current simulation time.  The third column states the total volume 

of the cavern and includes both brine and oil volume.  When the execution progresses to 

subsequent stages a message is printed to the screen but is not shown here. 
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Figure 3-3.  Example of SANSMIC Screen as the Program Runs. 

Upon completion of the SANSMIC run, the window resembles Figure 3-4.  A currently 

meaningless computation time is given (actual execution times are usually under a minute).  

When the user presses “Enter” the executable exits and returns to the Main Menu. 

 

Figure 3-4.  Example of SANSMIC Screen at the Completion of the SANSMIC Run. 

 



18 

3.1 Error Processing 

SANSMIC echoes the input file, line-for-line to the log file (section 5.1).  This is done as 

SANSMIC reads and processes the file. Unfortunately, SANSMIC does not trap or exit 

gracefully for some user input errors or problem specification incompatibilities. The best way to 

debug a SANSMIC input file is to refer to the log file and determine the last input data that was 

read and processed successfully. The user can then assume that SANSMIC aborted with an error 

if the screen captured in Figure 3-4 is not displayed showing normal termination. 
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4 Input File 

The input file can be broken into three basic sections.  The first section is the stage settings, the 

second is the cavern geometry and the third section consists of subsequent stages, if necessary, 

that are similar in format to the first stage.  In this section of the report, an example file will be 

presented, then each input section, and finally each variable will be introduced.  A schematic 

illustrating critical problem parameters is provided in Figure 4-1 and an example input file is 

presented in Figure 4-2 with annotations for the basic sections. The break down into the stages is 

separated with the stage title line and first stage settings noted on the left in blue and red, 

respectively.  The cavern geometry follows the settings section in the first stage only (shown to 

the left with orange).  Finally, stages 2 and 3 are shown each of which is preceded by a title line 

(noted again with blue on the left).  The file is ended with one line stating “END”. 

Not shown are any number of comment or spacer records that can precede a stage and must 

begin with “$” in column 1 followed by a space. 

Finally, data on an input record is free-formatted and entities can be either blank or tab delimited.  

 

Figure 4-1. Schematic Illustrating Critical Setup Parameters. 



20 

 

Figure 4-2.  Example of an Input File with Simple Cavern Geometry. 

Stage 1 fixed 

parameters 
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4.1 Stage Title and Settings  

When devising a leach plan or modeling a leach scenario, it is important to break the entire leach 

period up into phases (or stages) for which constant rates and string positions are appropriate.  

Below, in Figure 4-3, the lines for setting the stage parameters are annotated to the left.  The first 

line is the stage descriptive title.  The second gives general information about the type of leach 

and computational parameters.  The third line gives hanging string and reference heights relative 

to the cavern floor (as opposed to depths).  The fourth is the injection rate of raw water or 

unsaturated brine
1
.  The fifth line contains the properties of the injection and production casings.  

The fifth gives the saturation levels of the injected and resident fluids.  The sixth deals with the 

time step and stage duration and the seventh line contains the oil injection rate and miscellaneous 

settings. 

 

Figure 4-3.  Stage Title and Settings Overview. 

4.1.1 Stage Title Input Record 

The title line is used for clarification and documentation.  It is highlighted in the top of Figure 4-

4.  The title line is reprinted in several of the output files.   

 

Figure 4-4.  Stage Title Input Record Details. 

Prior to the title record, but not shown in Figure 4-4 are any number of comment or spacer 

records that can precede a stage and must begin with “$” in column 1 followed by a space.  It is 

                                                 
1
 A time dependent injection capability has been added to SANSMIC that is currently unverified. It was intended for 

reproducing the complicated fluid movements during development of SPR caverns. The model is described in an 

appendix for those interested in exploring its use. 
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good practice to give thorough comments throughout the input file, especially if the input file 

contains many stages. 

4.1.2 Initialization Input Record 

The initialization line is highlighted in the top of Figure 4-5 and repeated at the bottom with 

annotations.  The name of each variable (as it appears in the source code) is given in light blue at 

the top of each annotation box.  A brief description or list of options follows in dark blue.  

Details for each variable are provided below the figure. 

 

 

Figure 4-5.  Initialization Input Record. 

ndiv – The number of divisions or number of cells in the simulation grid.  The number of 

nodes or grid points, for which coordinates are provided later in the input file, is  

ndiv + 1.  The maximum value for ndiv is 500. 

leachtype – 

 

The type of leach operation to be modeled for the stage.   

0 – Indicates ordinary leach in which the OBI remains fixed - either bottom-inject or 

top-inject leach. The code will assume a bottom-inject scenario if the injection string 

is specified deeper within the cavern than the production string, and a top-inject 

scenario if the injection string is specified higher within the cavern than the 

production string.   

1 – Indicates a withdrawal leach in which unsaturated brine is injected and the OBI 

moves up within the cavern as a result of displacement.   

2 – Indicates leach/fill operation in which top or bottom inject leaching takes place, 

depending upon the string depths, and oil is also injected concurrently moving the 
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OBI down within the cavern. 

iprnt – Specifies how often to print statistics to the execute window and output files – there 

is a print statement every iprnt time-steps.  Therefore, if the time-step is chosen to be 

every 0.1 hours and iprnt is chosen to be 1680, then statistics will be printed once per 

week (1680=24*7*10).  Statistics are additionally printed at the beginning and end of 

every stage and the beginning and end of a workover. 

repeat – Designates if this is the first or subsequent stage in the input file.  If repeat is set to 0 

it is the first stage, otherwise if it is set to 1 it is a subsequent stage. 

resetgeo – The variable resetGeo is now irrelevant and should always be set to 0.  It is a hold-

over variable from when computer resources were more limited and a simulation 

might need to be restarted where a previous run had left off.   

iwait – The number of hours of workover time to include at the end of the stage.  After a 

stage of leaching a workover to move strings may be expected during which no 

unsaturated brine or oil is injected within the cavern, however, during this time 

leaching within the cavern will continue.  It is also important to add a workover to the 

last stage if the long-term geometry of the cavern is needed. 

nco – The number of wells to be coalesced during sump or initial cavern development.  It is 

used during the first phase of a cavern development before the wells have coalesced.  

For fully developed caverns nco should be 1.  When developing a new cavern with 

multiple wells (for example 2) during the sump creation stage prior to their 

coalescing, one would set nco to 2 and the geometry given in the input file would be 

the initial geometry for each of the wells. See section 4.1.8 for separation distance, 

sep. 

idata – Specifies the format of the geometry data provided later in the input file as follows: 

For idata =  0 

 a list of  ndiv+1 cavern radius values are input from the bottom of the cavern up – 

an example is shown in Figure 4-2. Constant grid spacing is determined by 

SANSMIC from cavern height (zmax) / number of divisions (ndiv). 

For idata not equal to 0, the number of geometry data points, ndata, is specified, 

followed by: 

 for idata =  1; a list of ndata depths followed by a list of ndata cavern volumes.  

 for idata = -1; a list of ndata depth and cavern volume pairs.  

 for idata =  2; a list of ndata depth and cavern radius pairs.  

For these cases the input geometry data is converted to radius, if necessary, and 

linearly interpolated to ndiv +1 uniformly spaced grid points. 

Cavern volumes are cumulative from the cavern roof and input from the bottom up. 

The inputted cavern volumes are converted to radii by SANSMIC. For cases where 

depth is specified, data can be specified from bottom up or top down. Further detail 
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about the geometry data is given in Section 4.1.9. 

ivol – In recent versions of SANSMIC ivol  is only used during withdrawal leaching. For 

ivol > 0 the stage is stopped when the volume of oil remaining above the OBI drops 

below ivol bbls. For ivol < 0 it is the depth of the OBI, in ft, at which to stop the 

current stage. Originally, the variable ivol was used as an option for setting an upper 

limit on the total volume of the cavern during leaching.  The stage would conclude 

when the duration of the leach is finished or when the cavern has reached the volume 

set by ivol, whichever occurs first.  If the value is 0 this feature is ignored.  

 

4.1.3 String Settings Input Record 

Depths of the strings are important to defining the type (top or bottom-inject) and character or 

focus of the leach. Though strings are typically discussed in terms of depth, SANSMIC actually 

uses the height above the initial cavern floor instead of depth.  In Figure 4-6, the string settings 

line is highlighted in the top of the figure and repeated at the bottom with annotations.  Each 

variable is presented in detail below the figure.  String settings are specified in feet.  See Figure 

4-1 for a schematic representation of some of these variables. 

 

 

Figure 4-6.  String Settings Input Record. 

zmax – Height of the cavern in feet.  In this case, the height is stated to be 2000 ft and so the 

top of the cavern geometry data is 2000 ft above the initial cavern floor.  This 

variable defines the size of the computational grid. Node spacing, z, is calculated 

from zmax / ndiv supplied on line 2 

c  
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zi – Height of the end of tubing for the injection string above the cavern floor, in feet.  If, 

for example, the top of cavern was at a depth of 1000 ft, the floor of the cavern was 

at a depth of 3000 ft, and the injection string was set at a depth of 2820 ft, then the zi 

variable would be 180 ft (3000-2820) as shown in Figure 4-6. 

zp – Height of the end of tubing for the production string above the cavern floor, in feet.  

Using the same cavern example as for the variable zi (depth of cavern floor is 3000 

ft) and the end of the production tubing is set at a depth of 2960 ft, then the zp 

variable would be 40 ft (3000-2960). 

zb – Height of the oil-brine interface (OBI) above the cavern floor, in feet.  Continuing 

the same example, if the OBI is set at a depth of 2750 ft, then the variable zb is 250 

ft (3000-2750).  However, if this is the second or a subsequent stage setting zb = 0 

forces the OBI location to be the same as was calculated at the end of the previous 

stage. 

zu – Height of the ullage reference point above the cavern floor, in feet.  Ullage or 

volume available for oil storage is defined as the cavern volume between the 

reference point and the OBI. Typically, the reference point is 10-20 feet above the 

operational depth of the hanging string which provides a buffer against emulsion 

formation due to brine injection.   A cavern is considered full of oil when the OBI is 

at this reference point. The change in cavern volume above zu is the useable leached 

volume. 

4.1.4 Raw Water Injection Rate Input Record 

The raw water injection record has only one variable, qi, the raw water injection rate in bbls/day 

as shown in Figure 4-7.  For the SPR this variable is generally above 50,000 and more often 

around 100,000 for oil delivery or receipt but can be much smaller for operational maintenance 

transfers. 

 

 

Figure 4-7.  Raw Water Injection Setting Input Record. 



26 

4.1.5 Casing Properties Input Record 

Tubing and casing input data are used to set parameters in the jet and plume models. It should be 

noted that the SANSMIC model does not assume concentric strings as implied by the data on this 

record. That is, the annulus cross-section between the inner and outer casing is not relevant. The 

naming convention is likely a holdover from an earlier version of the code. The stage settings are 

shown in the top of Figure 4-8 with the casing line highlighted and then the casing record is 

repeated at the bottom with annotations. A description of each variable is provided below the 

figure.  Casing properties units are inches. 

 

 

 

Figure 4-8.  Casing Properties Input Record. 

 

rpi – Internal radius of the inner tubing, in inches.  It is used within the jet model to 

calculate the jet length and jet velocity. 

rpo – External radius of the inner tubing, in inches; this variable is not utilized 

within the code. 

rcasi – Internal radius of the outer casing, in inches; this variable is not utilized within 

the code. 

rcaso – External radius of the casing, in inches.  It is used to determine the initial 

radius and velocity boundary conditions for the injection plume model. 
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4.1.6 Raw Water and Brine Settings Input Record 

The next input record, which gives the injection brine and cavern brine saturation levels, is 

highlighted in the top of Figure 4-9 and repeated with annotations in the bottom of the figure.  

Typical values are approximately 1.03 for sea water, 1.00 for pure water, and ~1.2 for saturated 

brine. Note that the SANSMIC model currently assumes a constant temperature of ~75 
o
F. 

 

 

Figure 4-9.  Raw Water and Brine Settings Input Record. 

sgIn – Specific gravity of injected brine stream.  Typically 1.00 or 1.03 for SPR modeling 

sgCav – Initial specific gravity of the brine within the cavern.  If the cavern has recently had 

raw water injected and the average specific gravity is known, specify it here.  If, 

however, the cavern has been dormant for a long period the value of saturated brine 

– 1.2 or 1.2019 as shown here – would be appropriate. 

 

4.1.7 Time Settings Input Record 

The next input record, dealing with the time control specification for the simulation, is 

highlighted in the top of Figure 4-10 and repeated in the bottom of the figure with annotations.  

Units of time is hours. 
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Figure 4-10.  Time Settings Input Record.  

 

dt – Size of the time step in hours, so the above figure shows a time step of 0.1 hours.  

Recall that the statistics are reported every iprnt time steps.  If dt is too large, 

important features of the analysis may be missed or the solution algorithm could fail. 

If the CFAC (section 5.2 *.out Output File Description) variable is different than 1 

then decrease size of time step. Fraction of days is typical. 

tend – Duration of the stage in hours.  The value given here is 648 which would imply 27 

days of leaching activity prior to the workover duration, if any (iwait, section 4.1.2). 

 

4.1.8 Oil Injection Input Record 

The final line of the stage settings for stages > 1 contains the oil injection and miscellaneous 

parameters as shown highlighted in the top of Figure 4-11 and repeated at the bottom with 

annotations. 
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Figure 4-11.  Oil Injection and Miscellaneous Settings Input Record. 

qfil – Rate of oil injection in bbls/day.  This is used for leach/fill operations (when 

leachType =2, described in section 4.1.2). For ordinary leach this variable is set to 0 

within the code.  

tdlay – The variable tdlay is no longer relevant for typical SPR operations and should be set 

to 0.0.  Early in leach modeling at SPR there was some question as to whether there 

would be a delay in leaching potential after oil had been removed from all or part of 

the cavern.  As oil acts as a protective layer against leaching (it was the traditional 

protective blanket material for brining operations) it was unknown if a layer of oil 

would remain in the cavern after the majority of oil had been removed.  An 

experiment was conducted and it was found that no residual oil remained to hamper 

leaching and no delay occurred (Reda and Russo 1983). 

sep – Distance in feet between wells when multiple cavities are to be leached during sump 

or initial cavern development (when nco > 1, section 4.1.2). Vertical sections of wells 

are assumed to have coalesced when the well radius exceeds 0.5*sep. 

4.1.9 Cavern Geometry Input Data Description 

An example of simple axisymmetric geometry input data (stage 0 only) is provided in Figure 

4-12. Actual data to be input and its format are dependent on the value of idata specified in 

section 4.1.2. Available options are summarized in Table 4-1. In the table, row 1 is the value of 

idata. Subsequent rows (input records) list data to be input and format for each option, where r is 

cavern average radius (ft), z is depth (ft), v is cumulative cavern volume (bbls) measured from 

the roof. For idata = 0 the cavern average radius is specified from the bottom of the cavern up; 

z is assumed constant at zmax/ndiv; and grid point positions, z, are calculated by the code. 
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For non-zero idata, more generalized geometry data can be specified for up to 500 grid points. 

Radius at the ndiv+1 constant z grid-points assumed by the SANSMIC model will be 

determined by linear interpolation of the inputted grid data.  Data can be listed from floor up or 

roof down (cumulative volume is still measured from the roof in either case) and SANSMIC will 

convert volumes to radii, if necessary, and orient the data properly.  Originally, SANSMIC used 

cubic splines to interpolate the generalized input grid. The logic is still there, but an internal flag 

must be set to override the current linear interpolation default.  

  
Figure 4-12.  Cavern Geometry Input Details for idata = 0. 

Table 4-1.  Cavern Geometry Specification for the Different idata Options. 

idata = 0 1 -1 2 

r(1) ndata ndata ndata 

r(2) z(1) z(1)  v(1) z (1)  r(1) 

r(3) z(2) z(2)  v(2) z (2)  r(2) 

… z(3) z(3)  v(2) z (3)  r(3) 

r(ndiv) … … … 

r(ndiv+1) z(ndata) z(ndata) v(ndata) z(ndata) r(ndata) 

 v(1)   

 v(2)   

 v(3)   

 …   

 v(ndata)   
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4.1.10 Constant Parameters Input Record 

This input data record (highlighted in Figure 4-13) is for input of parameters that do not change 

from stage to stage. It is included in the first stage only. Variables are annotated at the bottom of 

the figure and are detailed below. 

 

Figure 4-13.  Constant Parameters Input Record Details. 

 

zdis – Average salt dissolution factor (ratio of actual vertical wall dissolution 

rate to the model rate). Unless special salt characteristics are known, this 

value should be 1. 

zFin – Average volume ratio of insolubles to salt. Typical values are 0.03 – 0.06. 

refdep – Reference depth (not used). 

depth – Depth to cavern bottom, in feet. depth – zmax = depth to top of cavern. 
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5 Output Files 

SANSMIC produces multiple output files differentiated by a filename extension appended to 

root of the input filename. Briefly: 

*.log – a run time log primarily containing an input data echo and input data processing 

information relevant for debugging. 

*.out – the primary results output file that contains snapshots of many model variables 

over the entire computational grid at user specified times and at the beginning and 

end of each stage and workover. 

*.tst – history data for several key simulation variables 

*.rad – cavern radius versus depth for all stages in a portable tabular format. 

*.dra – cavern change-in-radius versus depth for all stages in a portable tabular format.   

*.dll – initial cavern geometry and change in radius for all stages in a simulation in a 

portable tabular format. File was intended for use as an interface file for P2D, 

pillar-to-diameter, cavern stability software.   

Subsequent sections provide detailed descriptions of each file. 

5.1 *.log Output file Description 

The .log file is the runtime log that documents the execution of the current simulation including 

error messages.  The input file is first echoed line for line, then the interpretation of the data is 

recorded as it is read and processed.  In this way, if an input record is unexpected or translated 

incorrectly, this should be evident in the log file.  Certain common error statements are also 

printed to the log file to aid in detecting the location of the error in the input file.  A screen shot 

of an example log file is shown in Figure 5-1.  The left-hand side of the figure shows the line-by-

line echo of the input file, while the right-had side shows the later portion of the log file in which 

the individual input variables are interpreted. 
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Figure 5-1.  Example of the Log Output File. 
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Figure 5-2 shows an example of a log file in which an error has been detected in the input file. 

The error is highlighted in red.  The log file also states two more potential errors, but in this case, 

the first is the only true error as subsequent errors were caused by the first.  In some cases, a 

specific error statement is not given, but the log file terminates prior to the end of the input 

processing.  The last printed input record likely precedes the input record with an error. 

 

 

Figure 5-2.  Example of a Log File When an Error Has Occurred. 
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5.2 *.out Output File Description 

The .out file contains the primary output and model debug data and is the largest, most verbose 

of the SANSMIC output files. The file contains a snapshot of many computational variables over 

the entire grid at specified times.  The file can be used to monitor the internal workings of the 

model. The beginning of the .out file is shown in Figure 5-3 where one can see the standard code 

header followed by an echo of the input file.  This is followed by blocks of output grid data at 

specified times; one such data dump block is shown in Figure 5-4.  An annotated version of the 

left-half of the .out file is provided in Figure 5-5.  An annotated version of the right-half of the 

.out file is provided in Figure 5-6.  Details of each annotated section and variables follow the 

figures. 

 

Figure 5-3.  Example of the Beginning of a .out Output File. 
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Figure 5-4.  Example of a .out Output File Grid Data Block. 
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Figure 5-5.  Annotated .out Output File – Left Half. 
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Figure 5-6.  Annotated .out Output File – Right Half. 

 

Header –  The time of the output data, time step size, and the start time of the current stage. 

 Type of phase (injection or workover) and the stage number.   

 Cell location for the injection, production, OBI, and plume cell, respectively 

 Height above the cavern floor of the same variables,   

 Jet length, and initial radius and velocity of the plume. 

Cell # – Each grid point, numbered from the bottom of the cavern up, is given vertically, but 

here the columns are variable values associated with the current time (described 

below). 

Height – Height above initial cavern floor, in feet,  

Radius – Radius, in feet,  

D(rad)  – Cumulative change in radius, in feet. 
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Brine S.G – Specific gravity of the brine.  A value of 1.2019 is considered saturated.  When a 

cell is occupied by oil the value is set to 1.2019 as a flag so that no leaching will 

occur in this cell. 

Wall Angle– The wall angle, in degrees.  Described in detail in Section 2.3 of Weber and Rudeen 

(2015).   

Flow Rate – Brine flow rate in barrels per day. Section of the cavern experiencing flow is 

dependent on string positions. 

Volume –  The cumulative volume of the cavern (starting from the roof), in bbls. 

Disfac – The value of the dissolution adjustment factor is determined by a combination of 

factors including type of leach (direct or reverse), wall angle, temperature, and 

others as described in Chapter 4 of Weber and Rudeen (2015). 

Unlabeled  –

column. 

Dissolution adjustment factor type flag: 

  0 – Default dissolution adjustment 

  1 – Temperature adjustment 

  2 – Insolubles geometry factor 

  3 – Direct leach velocity correction 

  4 – Top-inject leach, no adjustment 

51 – Top-inject leach, upper region 

52 – Top-inject leach, lower region 

Xincl – Wall Inclination dissolution factor described in Chapter 4 of Weber and Rudeen 

(2015). 

Amd – Internal variable used for debugging. 

Akd – Diffusion coefficient (or diffCoef within the code) described in Section 2.2 of Weber 

and Rudeen (2015). 

dC/dz – Change in specific gravity (or brine concentration gradient) from one cell to the 

next.  See Weber and Rudeen (2015). 

Cold – Previous calculated value of specific gravity (Cold or 
1n

iC 
). 

Cnew – Current calculated value of specific gravity (Cnew or 
n

iC ). 

dC – Cnew – Cold 

dR Wall recession 

Cplm – Brine concentration of the plume – see Section 2.6 of Weber and Rudeen (2015). 

Uplm – Velocity of the plume. 

Rplm – Radius of the plume. 
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The Footer section, visible is left half of .out file (Figure 5-5), contains some of the same time 

and stage data from the header including: 

 Current timestamp 

 Time step size 

 Start time 

 Phase type (injection or workover) 

 Stage number 

This is followed by self-described variables that are representative of the cavern as a whole, 

including: 

 Total volume of the cavern 

 Rate of produced brine 

 Specific gravity of the produced brine 

 Volume of insoluble that has collected since the simulation began 

 Depth of the OBI 

 Volume of insolubles that have been produced 

 Volume of the brine 

 Ullage volume, the volume usable for oil storage 

 Variable CFAC is a mass balance correction factor used to determine if the solution 

algorithm is operating correctly.  The further away from 1.0, the worse the code is 

performing. If CFAC is not very close to 1.0, rerun the simulation with smaller time step. 

 

5.3 *.tst Output File Description 

The .tst output file can be thought of as the (time) history output data file as it gives information 

in roughly one day increments for the cavern as a whole or as an average.  An example of a .tst 

file is shown in Figure 5-7.  The upper left-half of the file is repeated in Figure 5-8 with 

annotations. The upper right-half of the file is repeated in Figure 5-9 with annotations.  Details of 

the annotations follow the figures. 



42 

 

Figure 5-7.  Example of a .tst Output File. 
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Figure 5-8.  Annotated .tst Output File – Left-Half. 
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Figure 5-9.  Annotated .tst Output File – Right-Half. 

 

Header – Name of the file and the column labels. 

Tot. Vol – Total cavern volume at the given time. 

CFAC – Measure of the “stability” (mass balance) of the code.  When SANSMIC is 

performing as expected, its value is or is approaching 1.0.  The further away 

from 1.0, the less reliable the results. If not close to 1, decrease time step and 

rerun simulation. 

Outlet S.G.  – Specific gravity of the produced brine.   

SGave – Average specific gravity of the brine within the cavern. 

  



45 

Insol Vol – Total volume, in bbls, of insoluble created that has accumulated at the bottom 

of the cavern since the start of the simulation. 

Insol Depth – Depth of the top of the insoluble level, in other words, it gives the depth to the 

actual bottom of the cavern. 

OBI Depth – Depth of the OBI. 

Insol Vnt – Volume of insolubles brought to the surface entrained in the brine, in bbls. 

Ullage – Volume of cavern available for oil (or volume of brine) above the ullage 

reference depth 

Zuvol – Volume of the cavern above the ullage reference point 

Qi – Rate of injection of brine in bbl/day  

Qitot – Cumulative volume of the injected brine since the beginning of the simulation 

Qfil – Rate of the oil injection in bbl/day 

QfilTot.  – Cumulative volume of the oil injected since the beginning of the simulation 

End of Stage – 

or workover 

Label identifying end of current stage or workover with stage count. 

 

5.4 *.rad Output File Description 

The .rad file is the cavern radius profile file. It tabulates the calculated radius for each specified 

output time.  It begins with a small header and then gives the radius value for each grid point 

(vertically) at each specified time step.  A screen shot of an example .rad file is shown in Figure 

5-10. For greater detail, the upper-left of the example .rad file is repeated in Figure 5-11 with 

annotations. Annotations are detailed below the figures. 
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Figure 5-10.  Example of the .rad Output file. 
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Figure 5-11.  Annotated .rad Output File. 

Header – Standard software identification information including: version number 

(v02.01), owner (Sandia National Laboratories), initials of modifier 

(DKR) and date (1/20/2012) of last significant modification.  It should be 

noted that additional modifications to the source code were made in 2015, 

but only for code cleanup - changes to the comments and variable naming.   

String and Jet – 

Settings   
 input file name 

 the cell location of the injection and production strings, the OBI, and 

the plume 

 the height above the cavern floor for the same set of variables;  

 the jet length, Ljet,  initial radius of plume, RO, and initial velocity of 

the plume, UO. 
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Timestamp – Output simulation time in days for each column.  If there are more time 

steps recorded than fit in this line, the timestamp and data are continued in 

subsequent blocks 

Grid point  – 

index  

Grid point (or node) index is numbered from the bottom of the cavern up 

but printed from top down.  

Depth – Grid point depth, ft. 

Radius – Radius value of each grid point, ft.   

 

5.5 *.dra Output File Description 

The .dra file is the change-in-radius or “delta radius” file.  It has the standard header and then 

gives the change in radius as a function of depth (vertically) at each specified time (horizontally).  

A screenshot of an example .dra file is shown in Figure 5-12. 

 

Figure 5-12.  Example of dra Output File. 

For greater detail, the same example file is repeated in Figure 5-13 with the top-left highlighted 

with annotations. .dra output file annotations are described in more detail below. 
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Figure 5-13.  Annotated .dra Output File. 

 

Header – Standard software identification information including: version number 

(v02.01), owner (Sandia National Laboratories), initials of modifier (DKR) and 

date (1/20/2012) of last significant modification.  It should be noted that 

additional modifications to the source code were made in 2015, but only for 

code cleanup - changes to the comments and variable naming.   

String and Jet – 

Settings   
 Input file name 

 Cell location of the injection and production strings, the OBI, and the plume 

 Height above the cavern floor for the same set of variables  

 Jet length, Ljet, initial radius of plume, RO, and initial velocity of the 

plume, UO. 
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Timestamps – Output simulation time in days for each column.  If there are more time steps 

recorded than fit in this line, the timestamp and data are continued in 

subsequent blocks. 

Cell Index – Grid point (or node) index is numbered from the bottom of the cavern up but 

printed from top down.  

Depth – Grid point depth, ft. 

Radius Change – The change in radius since the beginning of the simulation, ft.  

 

5.6 *.ddl Output File Description 

The .ddl output file is an interface file created to transfer cavern profile data for a set of 

consecutive full drawdown leaches from SANSMIC to the P2D (pillar-to-diameter ratio) cavern 

stability software. The file contains, by column: cell index, depth(ft), the initial cavern average 

radius (R0, ft) and the change-in-cavern radius (r(i,t) – r(i,0), ft) for a series of drawdown stages 

(DRs). Though originally designed for use by the P2D software, it is useful as a single 

portable columnar data source of leach profiles for post-processing. Note the data is listed from 

top of cavern down with cells and depth indexed from the bottom up. 
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Figure 5-14.  Example of .ddl  Output File. 
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Appendix: Time Dependent Injection 

A time dependent injection capability has been added to SANSMIC primarily for modeling the 

complicated development of SPR caverns.  At this time the model is untested and does not add 

capability – it simplifies input for simulations with very few configuration changes but 

complicated time-varying brine and oil injection histories. Recall that the standard SANSMIC 

simulation required that both the cavern configuration and fluid injections be constant for a 

stage. The model is documented here for those who would like to pursue, validate and or modify 

the capability. 

The model is turned on for the brine injection by replacing the RW injection variable (QI) with 

the string “QITable” which triggers the reading of the RW injection history in subroutine 

READQT. Similarly it is turned on for the oil fill history by also replacing the QFIL variable 

with “QFTable” which triggers the reading of the oil fill history also from subroutine READQT. 

Either one or both injections can be made time dependent. 

Each call reads a table in the following format (time in days, rate in barrels per day): 

QNum   - number of periods 

Qtim(1), Qval(1) -start time period 1, rate period 1 

Qtim(2), Qval(2) -start time period 2, rate period 2 

… 

Qtim(Qnum), QVal(QNum) start time period QNum, rate period QNum 

 

The arrays are actually double subscripted with the second subscript designating whether the 

data is for brine injection (1) or oil fill (2). The injection histories are specified in a 2
nd

 input file 

named “input-file-root”.tbl. For example mySAMSIC.tbl if the input file was named 

mySANSMIC.dat. The input table file must match the input file’s request (either one or both 

injections). If both, brine is listed first followed by oil fill. Note that brine and oil injection are 

independent. 

After the call to READQT, QI is set to the fist QITable value and QFIL is set to the first 

QFTable value. For each computational timestep QI and QFIL are set to appropriate values 

based on the current time with calls to subroutine GETQ.  
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Appendix: Sample Problem 

A sample problem simulating the drawdown leach of SPR cavern WH105 is presented in this 

appendix. The primary parameters describing the problem are specified in Table A-1 and the 

corresponding SANSMIC input file is provided in Table A-2. Because of its size, the geometry 

data is shown separately in Table A-3. Note that the OBI starts at 200 ft above the floor, moves 

up 187 ft (from *.tst file) and is reset to 30 ft above the floor at the beginning of stage 2. Implied 

here is the re-injection of oil to move the OBI back down. The OBI is set to 0 for stage 3 telling 

SANSMIC to use the OBI from the end of stage 2 or 319.5 ft (from *.tst output file) as the 

starting height for the stage. 

A summary of the results, shown in Figure A-1, consists of an overlay of the original cavern 

average radius profile and the profiles after each of the 3 modeled stages (from *.rad output file). 

The leached volume and leach efficiency histories for the simulation are shown in Figure A-2 

(from *.tst output file). Leach efficiency is the volume leached / volume injected. 

Table A-1.  Primary Parameters Describing Sample Problem. 

Stage 1 2 3 

Mesh Size 200 200 200 

LeachType withdrawal withdrawal withdrawal 

Workover Time, 
days 

100 64 480 

Zmax, ft 2000 2000 2000 

Zinj, ft 24 24 24 

Zprod, ft 1950 1950 1950 

Zobi, ft 200 30 0 

Zu, ft 1960 1960 1960 

Qinj, BPD 15,000 45,602 84,060 

rpi, in 4.925 4.925 4.925 

rcaso, in 5.375 5.375 5.375 

SGi 1.003 1.01 1.02 

SGcav 1.2019 1.2019 1.2019 

T, hr 0.1 0.1 0.1 

Bottom, ft 4550 4550 4550 

Stage Duration, 
days 

43 43 97 

Stage Injected 
Volume, bbl 

645,000 1,960,886 8,153,820 

Cumulative inject 
volume, bbl 

645,000 2,605,886 10,759,706 
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Table A-2.  Sample Problem Input File Corresponding to Problem Parameters in Table 1. 

$ BM3 Drawdown Leach for P2D 

$ $ 
         WH105 Step 1 - Brine inj 10/11/2005-12/26/2005 

     200 1 16800 0 0 2400 1 2 0 
 2000 24 1950 200 1960 

     15000 
     

 

 4.925 5.375 4.925 5.375 
   1.003 1.2019 

        0.1 1032 
        0 0 0 

       (Geometry data goes here. See Table A-3.) 

1.0 0.04 4550 4550       

$ Stage 2 
         WH105 - brine inj 7/16/11-8/28/11 Step 2 -------------------------------- 

   200 1 16800 1 0 1536 1 2 0 
 2000 24 1950 30 1960 

     45602 
         4.925 5.375 4.925 5.375 

      1.01 1.2019 
        0.1 1032 
        0 0 0 

       $ Stage 3 
         WH105 - brine inj 11/4/11-2/12/12 Step 3a -------------------------------- 

   200 1 16800 1 0 11520 1 2 0 
 2000 24 1950 0 1960 

     84060 
         4.925 5.375 4.925 5.375 

      1.02 1.2019 
        0.1 2328 
        0 0 0 
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Table A-3.  Sample Problem Geometry Input Data. 

Original data in two long columns was broken into five sections for 

presentation in a more compact table. First line is number of data 

points. Subsequent lines are depth, radius pairs. 

201 
         2550 8.93 3050 114.06 3550 97.42 4050 91.31 4550 85.59 

2560 9.31 3060 113.27 3560 98.16 4060 90.72 
  2570 9.56 3070 112.20 3570 98.53 4070 89.91 
  2580 9.81 3080 111.13 3580 98.90 4080 89.10 
  2590 10.07 3090 109.96 3590 99.39 4090 88.41 
  2600 10.33 3100 108.79 3600 99.87 4100 87.72 
  2610 10.71 3110 106.80 3610 99.93 4110 87.23 
  2620 11.09 3120 104.80 3620 99.99 4120 86.74 
  2630 11.72 3130 103.27 3630 100.00 4130 86.03 
  2640 12.34 3140 101.74 3640 100.02 4140 85.31 
  2650 46.85 3150 99.98 3650 99.95 4150 84.63 
  2660 75.65 3160 98.22 3660 99.89 4160 83.95 
  2670 86.90 3170 96.56 3670 101.07 4170 83.32 
  2680 110.11 3180 94.89 3680 102.25 4180 82.69 
  2690 110.50 3190 95.60 3690 102.84 4190 82.10 
  2700 112.17 3200 96.31 3700 103.43 4200 81.52 
  2710 114.10 3210 95.26 3710 103.29 4210 80.66 
  2720 116.03 3220 94.21 3720 103.14 4220 79.79 
  2730 116.41 3230 92.99 3730 104.10 4230 78.74 
  2740 116.79 3240 91.77 3740 105.05 4240 77.70 
  2750 117.98 3250 90.47 3750 105.08 4250 77.04 
  2760 119.17 3260 89.17 3760 105.10 4260 76.39 
  2770 118.82 3270 87.52 3770 104.72 4270 76.02 
  2780 118.47 3280 85.87 3780 104.35 4280 75.65 
  2790 118.05 3290 85.20 3790 103.97 4290 75.14 
  2800 117.62 3300 84.53 3800 103.58 4300 74.62 
  2810 116.94 3310 85.64 3810 103.10 4310 73.93 
  2820 116.25 3320 86.75 3820 102.62 4320 73.25 
  2830 115.97 3330 86.29 3830 102.32 4330 72.70 
  2840 115.70 3340 85.83 3840 102.02 4340 72.16 
  2850 115.73 3350 85.09 3850 101.60 4350 72.05 
  2860 115.76 3360 84.35 3860 101.18 4360 71.95 
  2870 115.38 3370 84.17 3870 100.66 4370 72.99 
  2880 115.00 3380 84.00 3880 100.14 4380 74.02 
  2890 115.49 3390 85.60 3890 99.62 4390 74.25 
  2900 115.98 3400 87.21 3900 99.10 4400 74.47 
  2910 117.55 3410 89.35 3910 98.61 4410 76.31 
  2920 119.13 3420 91.49 3920 98.13 4420 78.15 
  2930 119.80 3430 91.98 3930 97.59 4430 78.57 
  2940 120.48 3440 92.46 3940 97.06 4440 78.99 
  2950 119.94 3450 92.59 3950 96.56 4450 80.10 
  2960 119.40 3460 92.72 3960 96.07 4460 81.20 
  2970 118.79 3470 92.97 3970 95.53 4470 82.01 
  2980 118.19 3480 93.22 3980 94.98 4480 81.89 
  2990 117.04 3490 94.19 3990 94.43 4490 81.79 
  3000 115.90 3500 95.15 4000 93.88 4500 82.67 
  3010 115.84 3510 95.62 4010 93.29 4510 86.82 
  3020 115.79 3520 96.09 4020 92.70 4520 86.47 
  3030 115.32 3530 96.39 4030 92.30 4530 86.09 
  3040 114.85 3540 96.69 4040 91.91 4540 85.61 
   



59 

 
Figure A-1.  Cavern Profiles. 

 

Figure A-2.  Leach Volume and Efficiency Histories. 
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Distribution 

 

External Distribution 

 

Electronic copies to: 

 

Wayne Elias (wayne.elias@hq.doe.gov) for distribution to DOE SPR Program Office, 

1000 Independence Ave. SW Washington, DC 20585 

 

Diane Willard (diane.willard@spr.doe.gov) for distribution to DOE and DM SPR Project 

Management Office, 900 Commerce Road East New Orleans, LA 70123 

 

Sandia Distribution 

 

Print copies to: 

 

1 MS0706 David Lord 6912 

2 MS0750 Paula Weber 6912 

5 MS0750 Carolyn Kirby 6913 

 

Electronic Copies: 

 MS0899 Technical Library, 9536 (electronic copy) 
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